It has recently been shown that streptomycin-dependent variants from certain species of microorganisms differ from the original parent type in colony morphology, growth rate, and pigment production, but in other species no visible differences are observed (Yegian and Budd, 1948; Yegian and Vanderlinde, 1950) . Until the present report all of the streptomycin-dependent mutants studied have been found to breed true to the colony type.
MATERIALS AND METHODS
The microorganism employed (strain RB1) is a pigmented Mycobacterium that is nonpathogenic and strongly acid-fast. The optimum temperature for growth is 37 C, and on 5 per cent glycerol nutrient agar the colonies become grossly visible after 9 or 10 days of incubation. After 25 to 30 days at 37 C, the colonies are large, wrinkled, and rough (figure 1), and the golden pigment is at its maximum intensity. Growth of this microorganism is inhibited by 0.5 ,ug of streptomycin per ml of medium.
Throughout six years of maintenance the culture has retained its characteristic morphology and pigmentation. Although slightly less pigmented colonies were encountered occasionally, no variation had occurred since this was not a permanent property of the microorganism.
For the determination of the number of viable cells and the study of colony morphology the organisms were grown first in liquid sorbitan monooleate medium for 15 days, and the resulting diffuse growth was shaken thoroughly to disperse the microscopic clumps. After serial dilution, 1 ml of inoculum was placed on each of a series of glycerol agar plates and spread by tilting the plates back and forth. After incubation for 24 to 48 hours, when the excess moisture was evaporated, the plates were sealed with wide rubber bands and incubation was continued for 25 to 30 days.
The isolation of streptomycin-dependent variants was accomplished by the method described previously for tubercle bacilli (Yegian et al., 1949) . Sufficient streptomycin to give a final concentration of 100 ,ug per ml of medium was added to a turbid liquid culture of the parent cells. One ml of this suspension was inoculated on each of a series of glycerol agar plates containing 100 ,ug of streptomycin per ml of medium. After incubation for 30 days the colonies present were circled with a wax pencil and the plates were reincubated for an additional 20 days. At this time colony counts were made and the early and late colonies were tested in liquid medium with and without streptomycin.
Reverse mutants from the dependent strains were recovered in the following manner. A turbid liquid culture was washed thoroughly to remove the drug and the bacilli were resuspended in physiological salt solution to make a heavy suspension of approximately equal turbidity. One ml of this suspension was plated on each of a series of glycerol agar plates without streptomycin. After 45 days of incubation the colonies were classified according to color and morphology, and their sensitivity to streptomycin was tested in a liquid medium.
RESULTS
Thirty glycerol agar plates containing 100 ,ug of streptomycin per ml of medium were each inoculated with approximately 200 million parent cells. Examination of the plates after 30 days revealed 13 pigmented rough colonies that resembled the parent in appearance and rate of growth. All of these proved to be streptomycin-resistant. When the plates were re-examined after a total of 50 days' incubation, 11 additional colonies had appeared. Six of these resembled the parent but were resistant to streptomycin, and the remaining 5 were streptomycindependent.
The streptomycin-dependent variants were of two morphological types; one (Dep 1) showed a granular surface and rough edge and was pigmented like the parent, whereas the other (Dep 2) was more intensely pigmented with a smooth, moist surface and was considerably smaller in size. Both types were grown in a liquid medium and then replated in a medium containing streptomycin.
After When Dep 2 was plated out in the presence of streptomycin, 4 distinct colony types were observed (figure 3). One (Dep 2A) was a round, moist, white colony, and another (Dep 2B) was similar in all respects except the color, which was golden (figure 4). These colonies resemble Staphylococcus albus and Staphylococcus aureus, respectively, and are uniformly small in size. They made up 3 per cent and 38 per cent, respectively, of the total number of colonies. The third type (Dep 2C) was a flat, dry, golden colony (figure 5), and the fourth (Dep 2D) a flat, white type. These accounted for 58 per cent and 1 per cent of the colonies. All four varieties bred true when plated on medium containing streptomycin. The original Dep 2 variant was likewise transferred 7 times in liquid medium and replated. All four colony types were recovered although the number of flat colonies increased appreciably and the number of smooth colonies was consequently reduced. This was probably due to the fact that the flat colonies tend to grow somewhat faster than the smooth type. Marked differences in rate of growth were observed among the progeny of Dep 1 and Dep 2. The colonies arising from Dep 1 (Dep 1B) were grossly visible at 9 days, 1 to 1.5 mm in diameter at 14 days, and had reached a diameter of 3 to 4 mm in 23 days. Those from Dep 2, on the other hand, were only visible microscopically at 9 days, were pin-point size at 14 days, and at 23 days were only 1 mm in diameter.
All of these dependent variants grew equally well in the presence of 10 and 100 ,ug per ml of streptomycin and showed less, but visible, growth in 5 jug of the drug. There was no growth in a medium containing 1 ,ug of streptomycin per ml.
Reverse mutation from these six streptomycin-dependent variants was determined by plating out on glycerol agar without streptomycin, as described pre- When several of each of these colony types, chosen at random, were tested for streptomycin sensitivity, it was found that the reverse mutants from Dep 1A and Dep 1B, the progeny of Dep 1, were uniformly sensitive to the drug. On the other hand, all of the reverse mutants from the progeny of Dep 2 (2A, 2B, 2C, and 2D) were streptomycin-resistant. This finding further emphasized the fact that Dep 1 and Dep 2 are entirely different colony types. bacterium (RB1). These variants do not breed true, but segregate into six different streptomycin-dependent mutants that do breed true to the new type. These latter are characterized by colony morphology, pigment production, and differences in growth rate. The reverse mutants derived from these streptomycindependent types in the absence of the drug fall into four morphological groups: (1) large, golden, rough, and (2) large, white, rough; (3) small, smooth, golden, and (4) small, smooth, white. However, regardless of colony type, the progeny of Dep 1 are all streptomycin-sensitive, and the progeny of Dep 2 are streptomycinresistant. These reverse mutations have been found to be stable.
Heterogeneous populations derived from single colonies are well illustrated in the case of variants derived from Serratia marcescens (Bunting 1940 (Bunting , 1946 Bunting and Ingrahm, 1942) . For example, a bright pink colony of this microorganism may separate into bright pink, dark red, and pale pink, but the resulting variants, unlike the streptomycin-dependent variants described above, are not stable. From a dark red colony of S. marcescens a white streptomycindependent colony has been isolated (Yegian and Vanderlinde, 1950) . These white colonies are stable in the presence of streptomycin, but when a single white dependent colony is plated out in the absence of the drug it yields a small number of isolated colonies that show all four color types: white, dark red, pale pink, and bright pink. Of these only the white colonies appear to be stable. Another example of reversion of a streptomycin-dependent variant to more than one type is presented in a separate paper dealing with Mycobacterium ranae.
The heterogeneous character of the original streptomycin-dependent types (Dep 1 and Dep 2) might be explained on the basis of asymmetrical apportionment of the genetic material during the process of cell fission, the subsequent progeny having homozygous genotypic character. Attempts to define precisely genetic mechanisms in bacteria must be made cautiously at this stage of our knowledge of bacterial inheritance; however, investigations of this type may reveal close analogy to the hereditary mechanisms found in higher organisms.
